The paper chooses the secondary tectonic units of Sichuan Basin as the evaluation object, and considers regional crustal stability conditions, basic geological conditions, reservoir and cap rock conditions, storage potential conditions, geothermal conditions, research degree and potential resources conditions, social and economic conditions as first-level indexes. Based on collected data and a comprehensive analysis of 16 level-two indexes and 9 level-three indexes, and with the application of comprehensive index method, the conclusions regarding the suitability partition of the secondary tectonic units of Sichuan Basin are as follows: Central Sichuan low-flat structural belt is highly suitable for carbon dioxide geological storage, West Sichuan low-slope structural belt is relatively suitable, and SW low-slope structural belt is unsuitable for carbon dioxide geological storage, South Sichuan low-slope structural belt is relatively unsuitable, whereas East Sichuan high-slope faulted fold belt, and North Sichuan low-flat structural belt are fairly suitable for carbon dioxide geological storage. Based on the above, with a comprehensive analysis of corresponding hydrographic and geological conditions, and at the same time considering the non-covered oil or gas resources and the buried structure, six CO2 geological target formations are identified, including lower Jurassic Ziliujing Group, upper Triassic Xujiahe Group, middle Triassic Leikoupo Group, lower Triassic Jialingjiang Group and Feixianguan Group, and lower Permian Qixia Group. This paper provides an important guidance and reference for the selection criteria of CO2 geologic storage sites in Sichuan Basin.
Introduction
With the establishment of operational targets regarding controlling greenhouse gas emissions, as well as the appropriate policy measures and actions put forward by the State Council, Chinese enterprises with high energy consumption and high carbon dioxide emissions are facing tremendous pressure to reduce emissions. To alleviate the pressure and to develop the green and low-carbon economy, some companies start to focus on carbon dioxide capture and storage by taking some actions.
China CO 2 emissions are approximately 8 billion tonnes per year. Therefore Chinese government and companies are playing an increasingly prominent role in assessment and development of CCS technologies. The activities in China include indigenous research and development, collaborative research with international entities, learning from other countries through knowledge sharing, and development of demonstration or full-scale projects. Between 2010 and 2012, China has carried out carbon dioxide geological storage potential evaluation and suitability assessment, and has finished CO 2 geological storage suitability assessment at both regional and basin-scales [1] - [5] . Potential and suitability assessment of CO 2 geological storage was divided into five stages, with each stage focusing on a smaller scale area and increasing the level of precision for the storage capacity estimate (Figure 1) . The first stage is regional-scale, and the study object is individual basin, the second stage is basin-scale, and the study object is the first or second tectonic units, and so on until completion of the injection-scale assessment. The "target scale" serves as a transition between the basin-scale and site-scale stages. For this article, the basin scale research was based compilation of existing maps, development of some new maps, and calculation of storage capacities. In general, the capacity assessment was conducted using methodologies published under the Carbon Sequestration Leadership Forum (CSLF) as presented in [6] . The suitability assessment was conducted by other professors work [7] - [10] . Based on technical requirements of the project "national CO 2 geological storage potential evaluation and suitability assessment" implemented between 2010 and 2012, this paper carried out the basin-scale assessment in Sichuan Basin.
CPI constructed the first domestic 10,000 ton level "CO 2 capture and liquefaction plant" for their coal-fired power plant named Shuanghuai Plant in Hechuan Town (Figure 2) in November, 2009. The Hechuan Town located in the Chongqing Province in Sichuan Basin.The primary objective is to determine the feasibility for storage of about 100,000 tons per year CO 2 . In addition, consideration is also given to the expansion to about 1,000,000 tons per year as the future target [11] . During mid-2012, our team was selected by Battelle to assist them in geologic storage assessment.
Study Area and Carbon Emission
Sichuan Basin is located in Sichuan-Chongqing area, between 28˚ -32˚40′ north latitude and 102˚30′ -110˚ east longitude, with a total area of 260,000 km 2 . Sichuan Basin, one of the four largest basins in China, is also called Bashu Basin, Xinfeng Basin or Purple (Red) Basin. The outline of Sichuan Basin is of rhombus shape, containing the east part of Sichuan Province, most of Chongqing and the junction zone of three provinces: Hubei, Guizhou and Yunnan. Considering its geographical variations, Sichuan Basin can also be divided into three parts: Chengdu Plain in the west of Sichuan, hilly areas in the middle, and parallel ridge-valley region in the eastern Sichuan.
The Sichuan Basin is the most important gas-producing basin in China, the amounts of natural gas resources are the largest in China, accounting for about one-fourth of The total national gas production. It is also one of the most important heavy industrial zones in China, having a large number of CO 2 emission sources such as power plants, cement production plants, and steelworks. The main sources of carbon emissions are the two provincial capitals (Chengdu and Chongqing) and the fourteen large cities (Ya'an, Meishan, Leshan, Ziyang, Zigong, Luzhou, Yinbi, Suining, Nanchong, Guangan, Mianyang, Bazhong, Dazhou and Guangyuan). Four parameters (emission amount of power plants and cement production plants of Chengdu and Chongqing) have been collected to assess the amount of carbon emission in the Sichuan Basin. Chongqing and Sichuan' results are of the same order of 10 8 t magnitude according to China statistics yearbooks of 2008a (National Bureau of Statistics of China, 2008). The economic circle can be divided into Chengdu centered Western Sichuan economic zone (Western Sichuan economic belt), Chongqing centered Chuanjiang economic zone (Chuanjiang economic belt) and Nanchong centered North-Central Sichuan economic zone. Compared with the experimental, the total carbon emission is referring to the energy consumption related to economic development and GDP. Along with economic growth and people's energy consumption demand increase, the carbon emission amount must be a rising tendency. It is one of the most rapidly developing areas with large energy consumption and CO 2 emission, carbon capture and storage is probable and urgently needed.
Evaluation Method
China's CO 2 geological storage suitability at basin scale could be classified as 7 first-level evaluation indexes:
(1) regional crustal stability conditions, (2) basic geological conditions, (3) reservoir and cap-rock conditions, (4) potential conditions of storage, (5) geothermal geological conditions, (6) research degree and resource potential conditions, and (7) socio-economic conditions ( 
Second reservoir stratum Same to First reservoir … 
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n represents the total number of evaluation factors, and here n = 9 for third-level indexes, n = 16 for secondlevel indexes and n = 7 for first-level evaluation indexes.
The results of synthetical index scores P of individual are in the range of [1] [9] , to make the results distributes more average between [0, 1], the synthetical index scores P are normalized according to:
As a result of this process, each second-order tectonic units in Sichuan basin being screened and ranked by Table 4 .
The Analysis of Suitable Conditions

Geologic Structure
The interior Sichuan Basin is divided into six second-level tectonic units, including East Sichuan high-slope faulted fold belt, South Sichuan low-slope structural belt, Central Sichuan low-flat structural belt, SW low-slope structural belt, North Sichuan low-flat structural belt, North Sichuan low-flat structural belt and West Sichuan low-slope structural belt, with corresponding area and deposition thickness shown in Table 5 [13] . 
Regional Crustal Stability
According to Yang X.'s research results [14] , for the available seismic network record between1970 and 2010, the number of earthquakes with ML ≥ 2.0 in Sichuan Basin and its periphery is 33646, and the number of earthquakes with ML ≥ 2.0 in Sichuan Basin is 9058. The number of earthquakes with focal depth record and with ML ≥ 2.0 in this basin is 4271, where in the shallowest one is 1 km, the deepest one is 60 km and the majority is within the range of 5 -30 km, belonging to shallow-focus earthquake. According to the research of Zhang J. et al., the occurrence of the next earthquakes with eight magnitudes in Sichuan should be between 2041 and 2042 [15] , and it is substantially sufficient for the carbon dioxide storage field to run for 30 years. According to GB18306-2001 [16] , the map of Chinese seismic peak acceleration, it can be seen that seismic peak acceleration values from eastern high and steep fold belt are less than or equal to 0.05 g, values from southern low-steep fold belt are 0.05 g, values from middle gentle fold belt are less than 0.05 g, values from southwestern low-steep fold belt are within the range of 0.05 g and 0.1 g, values from northern low-steep fold belt was 0.05 g, and values from western low-steep fold belt are within the range of 0.1 g and 0.2 g. Overall, the central and eastern basin area has the highest stability level.
The large-magnitude earthquake with magnitude 8.0 occurred in Sichuan Wenchuan on May 12, 2008, with its significant influence along the Yingxiu-Beichuan fault zone to Ningqiang County in Shaanxi of Qingchuan fault zone [17] .
A comprehensive analysis showed that the crust stability conditions for carbon dioxide geological storage in Sichuan Basin is relatively high in Central Sichuan low-flat structural belt, but the rest area, including East Sichuan high-slope faulted fold belt, South Sichuan low-slope structural belt, North Sichuan low-flat structural belt, SW low-slope structural belt and West Sichuan low-slope structural belt is unsuitable for carbon dioxide geological storage.
Reservoir-Cap Combination of CO2 Geological Storage
Sichuan Basin is an Artesian Basin consisting of Permian and Triassic strata. The first set of regional seal covering the whole basin is Jurassic Shaximiao Group, whereas the second set is Suining Group and Penglaizhen Group. According to field survey, shale content in Shaximiao Group is more than 50%. The Suining Group mainly consists of brown-red mudstone and sandy mudstone with siltstone thin layer. Penglaizhen mainly consists of gray and sandy mudstone, as well as multiple layers of marl and siltstone. These two sets of covering caps are relatively stable [18] .
Jurassic is distributed in southeast plateau area, middle gentle uplift, and northwest depressions of Sichuan Basin. Some strata are missing in East Sichuan high-slope faulted fold belt, South Sichuan low-slope structural belt and SW low-slope structural belt except for the middle and lower part. Considering the risk of leakage, only the lower part of Jurassic Ziliujing Group is considered as carbon dioxide geological storage site. Specifically, the lenticular sand body of lower part of Jurassic Ziliujing Group is considered as the exact site for carbon dioxide geological storage.
Water alternating phenomenon is strong around mountains at the edge of the basin or at the eastern separated file fold anticline area. Since it is the infiltration type of fresh water in these places, they are not appropriate for carbon dioxide storage. By contrast, the ancient sealed water with sedimentary origin is found in the deep part of Triassic strata, and this is the right place for carbon dioxide geological storage [19] .
According to the research of Wang J. [20] the average porosity of reservoir matrix of fractured sandstone in Sichuan Basin is about 4%, the average porosity of carbonate matrix is less than 2%, and the average porosity of the porous carbonate reservoir is within the range of 4% and 6%, with permeability more than 1 md. By contrast, sandstone porosity is approximately 4.5%, with permeability less than 0.01 md. Therefore, it could be concluded that the distribution of the porosity and permeability in Sichuan Basin is 5 ≤ φ < 10 and K < 1, which represents less suitable and unsuitable conditions, respectively.
According to Zhang K. [21] , based on thickness values of storage reservoirs in Sichuan Basin derived from corresponding contour maps and the areas of different tectonic unit, the volume of secondary tectonic units could be obtained, among which eastern high and steep fold belt accounts for 25.21%, northern low-steep fold belt accounts for 21.25%, western low-steep fold belt accounts for 17.09%, southern low-steep fold belt accounts for 7.56%, southwestern low-steep fold belt accounts for 8.99%, and middle gentle fold belt accounts for 19.9%.
A comprehensive analysis of reservoir-cap in Sichuan basin shows that East Sichuan high-slope faulted fold belt is relatively unsuitable for carbon dioxide geological storage. By contrast, North Sichuan low-flat structural belt, West Sichuan low-slope structural belt, South Sichuan low-slope structural belt and SW low-slope structural belt are relatively suitable, and Central Sichuan low-flat structural belt is the best place for carbon dioxide geological storage.
Geothermal and Geological Conditions
Geothermal gradient between middle gentle fold belt and SW low-slope structural belt in Sichuan Basin is relatively high, ranging from 24 to 30˚C/km. The geothermal gradient of Weiyuan tectonic zone is more than 30˚C/km. The geothermal gradient between East Sichuan high-slope faulted fold belt and North Sichuan low-flat structural belt gradually decreases to 20˚C/km. Also, the geothermal gradient of the outer edge of the northeastern Sichuan is as low as 16˚C/km. On both sides of Central Sichuan low-flat structural belt and West Sichuan low-slope structural belt, the geothermal gradient is maintained around 20˚C/km. The piedmont fractured developed in northeastern Sichuan could lead to the downward infiltration of groundwater, which would future cause the reduction of local geothermal gradient so that it is much lower than the average level. , and values could be even less than 40 mw/m 2 near the leading edge of the fold belt of Daba Mountain, which is located in the northeastern Sichuan [22] .
According to annual average temperature statistics of the Sichuan Basin, Chongqing, Yibin and Chengdu between 1997 and 2005, the derived average temperature in Sichuan Basin is 17.9˚C. Specifically, the average temperature in East Sichuan high-slope faulted fold belt or South Sichuan low-slope structural belt is 18.6˚C, the average temperature in Central Sichuan low-flat structural belt or southwestern low-steep fold belt is 18.3˚C, and the average temperature in North Sichuan low-flat structural belt or western low-steep fold belt is 16.8˚C [23] .
A comprehensive analysis of geothermal geological conditions in Sichuan basin shows that East Sichuan high-slope faulted fold belt, South Sichuan low-slope structural belt, Central Sichuan low-flat structural belt and West Sichuan low-slope structural belt is relatively suitable for carbon dioxide geological storage. By contrast, SW low-slope structural belt and North Sichuan low-flat structural belt are not suitable for carbon dioxide storage purpose.
Storage Potential Conditions
When CO 2 geological storage potentials in deep saline aquifers are calculated, it is necessary to consider the vo-lume of the aquifer, saturation of CO 2 trapped after formation water countercurrent, porosity of saline aquifer, density of CO 2 under the conditions of formation water, the density of the initial formation water and the solubility of CO 2 in saline aquifers [6] .
According to the distributed area and thickness of the reservoir described in 4.3, the reservoir volume of every reservoir located 800 m depth below in every secondary tectonic unit could be calculated, and the evaluation of D grade inferred potential of CO 2 geological storage in deep saline aquifers of secondary tectonic units in Sichuan Basin is shown in Table 6 .
Based on parameters of CO 2 geological storage potentials in deep saline aquifers, grade D constructive potentials of CO 2 geological storage in every secondary tectonic unit of Sichuan Basin could be calculated, among which storage potentials of East Sichuan high-slope faulted fold belt reach the maximum value and account for 27.55% of the total storage capacity of deep saline aquifers. Also, storage potentials of West Sichuan low-slope structural belt account for 15.62% of the total storage capacity. Storage potentials of Central Sichuan low-flat structural belt account for 20.33% of the total storage capacity. Storage potentials of SW low-slope structural belt account for 7.48% of the total storage capacity. Storage potentials of North Sichuan low-flat structural belt account for 22.30% of the total storage capacity. By contrast, storage potentials of South Sichuan low-slope structural belt have the minimum value and account for 6.72% of the total storage capacity. Storage potentials and per unit area storage potentials of the secondary tectonic units of Sichuan Basin are 0.5 < M ≤ 25 and 1 < m ≤ 50, respectively.
A comprehensive analysis indicates that storage potential conditions of the secondary tectonic units in Sichuan Basin are generally suitable. 
Research Levels and Resource Potentials
The exploration of Sichuan basin could be considered as under a developmental state. Each secondary tectonic unit has its own drilling well control system so that the suitability assessment could be done based on the information of local resource potentials. According to the latest resource evaluation results of 2002, oil resources are only founded in the middle, eastern and northern blocks of Sichuan basin, among which the middle block of the basin has the highest level of oil storage, accounting for 48% of total oil storage. By contrast, the eastern and northern blocks of Sichuan basin have 29% and 23% of total oil storage, respectively. By contrast, gas resources are found in all six blocks of the basin, among which the eastern block has the highest level of gas storage, accounting for 43.26% of total gas storage. For other blocks, gas storage from the highest to the lowest level is in the order of western block (23.46%), middle block (12.43%), northern block (9.65%), southwestern block (6.22%) and southern block (4.98%) [24] . A comprehensive analysis reveals that both the Central Sichuan low-flat structural belt and the East Sichuan high-slope faulted fold belt are highly suitable in terms of research levels and resource potentials of the secondary tectonic units. Similarly, North Sichuan low-flat structural belt is relatively suitable, and West Sichuan low-slope structural belt is fairly OK. By contrast, South Sichuan low-slope structural beltand SW low-slope structural belt are unsuitable.
Social and Economic Conditions
According to the national standard Land Use Classification [25] , remote sensing technique has been applied to Sichuan basin in order to better understand current land use status, with land use status of six secondary tectonic units shown in Table 7 .
According to relevant report [26] , the statistics of population density within different secondary tectonic units could be derived. The density of eastern high and steep fold belt is 350 persom/km 2 , the density of southern low-steep fold belt is 335 person/km 2 , the density of middle gentle fold belt is 490 person/km 2 , the density of southwestern low-steep fold belt is 418 person/km 2 , the density of North Sichuan low-flat structural belt is 275 person/km 2 , and the density of West Sichuan low-slope structural belt is 591 person/km 2 .
A Comprehensive Evaluation
The partition evaluation results of Sichuan Basin second-grade structural units' suitability is as shown in Figure  3 , Table 8 and Table 9 Fractured water-bearing formation of Carbonate rock is mainly developed in the east side of hanging wall in the Huanyin mountains fault, and the carbonate rock fissure cave water outcrops in the form of spring. The leaking of the fault spring in the west side are mainly far away from the fault, having nothing to do with the deep fault; and west side part which is near the fault, have no spring water dew point [27] [28] . It can be inferred that the footwall of the west side of Huanyin mountains fault has good water-blocking properties, and can produce fault sealing effect, so it is good for deep saline aquifers geological storage of carbon dioxide. Therefore, it can be determined that as for reservoir of the Lower Triassic Jialingjiang Formation, Feixianguan Formation and Lower Permian Qixia Formation, the gently fold belt reservoir in the middle part of Sichuan can be used as geological goal targets. As for the reservoir of Lower Jurassic Ziliujing formation, Upper Triassic Xujiahe formation, and Triassic system Leikoupo Formation, where exists the risk of leakage in Huanyin mountains fault zone, the furthest areas from structure unit boundary faults zone should be selected for the best.
Discussion
Since the secondary tectonic units within the basin are considered as research objects, the scope of corresponding evaluation objects are narrowed to some extent. However, to achieve the goal that the storage of carbon dioxide reaches the ultimate state, i.e., the mineralized storage state, a completely enclosed space is required strictly. Regarding the closed space issues, the smearing effect displayed by the fault rupture of Huanyin mountain just has a sealing function theoretically for the lower Triassic Jialing group, Feixianguan and lower Permian Qixia Formation reservoir, but its closed fracture feature is very complex and deserves more in-depth analysis. For the six geological targets determined preliminarily, borehole data should be used to analyze the sedimentary microfacies of these six targets located at different geological layers. For area with less borehole data available, microfacies analysis should be applied in order to establish the physical model of geological targets and carry out corresponding numerical simulation work.
